Background: This study analyzed the effect of school practices regarding the provision of physical education (PE) on the physical fitness of children and youth. Methods: Using an untapped sample of approximately 5000 5th and 7th graders from 93 schools in Georgia in 2006, individual-level and merged school-level data on physical education were analyzed. Multivariate regression analyses were conducted to estimate the potential influence of the school environment on measured health outcomes. Controls were included for grade, gender, race/ethnicity, urbanicity, and county of residence. Results: Variables measuring 8 school-level practices pertaining to physical education were found to have significant effects on cardiovascular fitness as measured by the FitnessGram, with signs in the expected direction. These variables, combined with demographic variables, explained 29.73% of the variation in the Progressive Aerobic Cardiovascular Endurance Run but only 4.53% of the variation in the body mass index. Conclusions: School-level variables pertaining to PE practices were collectively strong predictors of physical fitness, particularly cardiovascular fitness. Schools that adopt these policies will likely encourage favorable physical activity habits that may last into adulthood. Future research should examine the causal relationships among physical education practices, physical activity, and health outcomes.
The majority of Americans do not get enough physical activity to meet health recommendations outlined by the Surgeon General's Report on Physical Activity and Health, in spite of the well-established relationship between physical activity and health outcomes. 1, 2 Over the past 25 years, the prevalence of childhood obesity has increased dramatically. [3] [4] [5] [6] According to national surveys, the prevalence of childhood obesity increased from 4% to 5% in the 1960s, to 16% to 17% from 1999-2004. 4, 7, 8 This rate is more than 3 times greater than the 5% goal put forth by Healthy People 2010. 9, 10 In Georgia, surveys of 3rd, 4th, and 8th grade students using measured height and weight have reported prevalence rates of 18% to 24%. 11 Due to this unprecedented growth in prevalence, childhood obesity is currently considered an epidemic in the United States. 10 The growing prevalence of childhood overweight and obesity has serious consequences for the physical and emotional health of America's youth. 12 Children who are overweight or obese have a greater risk for diseases such as Type 2 diabetes, asthma, cardiovascular disease (CVD), and hypertension. 13, 14 In a study using a population-based sample of 5-to 17-year-olds, approximately 60% of children who were overweight had at least 1 CVD risk factor and 25% were found to have 2 or more CVD risk factors. 15 Many of these risk factors and diseases are likely to persist into adulthood resulting in higher health care costs and decreased productivity. 12, 15 The reasons for this dramatic growth are numerous and complex. Most immediately, overweight and obesity are a result of too much energy intake in the form of high calorie, high fat foods and not enough physical activity, both of which causally impact weight. 16 As a result, an imbalance occurs which leads to increased weight and adiposity. Across the population, there has been a decline in physical activity among adults and children 17 and an increase in caloric intake. 18 To effectively address these issues, we employed a social ecological approach which recognizes how characteristics of the environment contribute to and influence individual behavior. 19, 20 This kind of approach encourages the development of interventions designed to change lifestyle at the individual level as well as interventions aimed at altering one's physical and social environment in ways that promote the desired behavior. A collaborative approach in dealing with health disparities is ideal. 21 For youth, this approach naturally leads to a focus on schools as the primary setting and an increase in the provision of PE programs as the primary intervention strategy. A study of the association between school environments and physical activity found that "when you build it, they will come." 22 Children were more likely to engage in physical activity when it was offered, the space was physically attractive, equipment was available, and there was adult supervision to ensure that children used the time effectively and efficiently. 22 The finding that supervision by knowledgeable adults was a significant predictor highlights the importance of certifying PE teachers in addition to having PE as a requirement. 22 Intervention through the Lifestyle Education for Activity Program (LEAP), which changed instructional practices and the school environment, was found to increase vigorous physical activity in 9th-grade girls. 23 Research has found that school-based PE programs can lead to improved health outcomes. A national study evaluating the impact of PE classes in the prevention of childhood obesity among elementary school children found that participating in physical education significantly reduced the body mass index (BMI) for girls who were overweight or at risk for overweight. 24 Many states and local school districts across the country responded to this growing body of research and developed their own policies and practices with respect to the provision of physical education. 25 Increased physical activity in school has been associated with increased bone formation and bone resorption in adolescent females. 26 However, research has also demonstrated that simply requiring PE has been found to be insufficient in lowering weight since many students do not spend all of their PE time being physically active. 27 Resources available in the neighborhood have been found to be associated with increased vigorous physical activity among high school females, 28 and access to community physical activity outlets is associated with increased physical activity among rural, predominantly African-American children. 29 Yet weekend accessibility of school facilities has not been found to be significantly associated with moderate-to-vigorous physical activity among adolescent girls. 30 To date, there has not been an assessment of how well PE practices are implemented at the school level and what impact implementation may have on students' health outcomes. This study's analysis of the effect of specific school-level variables on selected health outcomes measures for 5th and 7th grade elementary and middle school students in Georgia seeks to fill that gap. Specifically, we used the Georgia Youth Fitness Assessment (GYFA) to assess the impact of the following 8 variables designed to capture important characteristics of the PE environment: 1) whether PE is required for the child's grade, 2) whether the school meets time requirements for PE, 3) whether PE can be used as punishment, 4) whether students are allowed to be exempt from PE for reasons other than health or religion, 5) whether students have access to a gym or field, 6) whether there is community access to the school's facilities, 7) whether the school offers free intramural opportunities for students, and 8) whether certification is required for the PE teacher. These practices have been focused on in the literature and were deemed to be ones in which policy change may have the most effect.
Policies and Practices Analyzed
According to the 2006 School Health Policies and Programs Study (SHPPS), Georgia is 1 of 35 states that follows the National Standards for Physical Education put forth by the National Association for Sport and Physical Education to provide guidance regarding what knowledge students should gain from a PE curriculum and the skills and activities students should be able to engage in as a result of taking PE classes. 31 SHPPS is a nationwide survey on which the GYFA analysis is based, conducted periodically to assess school health policies and practices at the state, district, school, and classroom levels. PE Requirement. Despite these guidelines, Georgia does not require that middle schools teach physical education, although it does require that elementary schools do. 31 PE is defined as being required if the school answered yes to the following question: "Must students attending this school take any physical education as a requirement for graduation or promotion to the next grade level or school level?" Figure 1 reveals that PE was required in 48% of GYFA schools. The effect of requiring PE on health outcomes was expected to be positive.
Specified Time Requirement. Georgia has specified time requirements in its elementary and high schools; it is unclear whether these exist in middle schools. 31 Figure 1 reveals that only 13% of GYFA schools met recommended time requirements for PE in 2006. The effect of specifying time requirements on health outcomes was expected to be positive.
Use of PE as Punishment. Georgia discourages but does not prohibit the use of physical activity as punishment for poor performance or bad behavior in sports, and neither encourages nor discourages its use for bad behavior in PE or in another class. 31 Approximately 35% of GYFA schools allowed the use of physical activity as punishment for bad behavior in PE ( Figure  1 ). The effect of using physical activity as punishment on health outcomes was expected to be negative due to the potentially harsh nature of this practice.
Exemption From PE. Sixteen percent of GYFA schools allowed students to be exempt from PE for reasons other than health or religion ( Figure 1 ). The effect of exempting students from PE on health outcomes was expected to be ambiguous as reasons for exempting them included positive performance in physical activity.
Access to Gym or Field. Almost all of GYFA schools had access to a gym or field in 2006 ( Figure 1 ). The effect of student access to a gym or field on health outcomes was expected to be positive. That being said, it has been found that actual playground equipment may be more influential in determining levels of physical activity than simply the presence of an open field.
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Approximately 67% of GYFA schools provided community access (Figure 1 ), which is reflective of the prevalence in the US. 25 The effect of community access to the school's facilities on health outcomes was expected to be ambiguous as it was unclear whether use by others may interfere with use by students, and as previous research has found little effect of weekend accessibility of school facilities on physical activity.
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Free Intramural Opportunities for Students. Over 60% of GYFA schools offered intramural activities for students ( Figure 1 ). The effect of intramural opportunities on health outcomes was expected to be positive.
Required Certification. With respect to teacher certification, Georgia requires all newly hired physical education teachers to be certified, licensed, or endorsed by the state. 31 As seen in Figure 1 , 86% of GYFA schools have certified PE teachers. The effect of teacher training on health outcomes was expected to be positive (Table 1) .
Data and Methods
The Georgia Youth Fitness Assessment (GYFA) was conducted between September 18, 2006, and December 15, 2006 , to determine the levels of physical fitness and obesity in a representative sample of Georgia's 5th and 7th grade students, to determine the proportion of these students meeting the recommended levels of physical activity, to draw distinctions by demographic characteristics, and to describe the general characteristics of the nutrition services and physical education programs of participating schools. 33 The GYFA sample consisted of 5248 students, although the final samples used in this study were smaller due to missing observations on schoollevel variables. The Institutional Review Board (IRB) at Georgia State University has approved the protocol used in the collection of these data.
The GYFA evaluated 3 aspects of physical fitness: body composition; aerobic capacity; and muscular strength, flexibility, and endurance. FitnessGram, developed in 1982 by the Cooper Institute, was selected as the fitness testing program for the GYFA. The fitness tests were administered by specially trained field staff who were experienced in school-based data collection, fitness testing programs, exercise science, and health behavior. 33 Two questionnaires from CDC's School Health Policies and Programs Study (SHPPS) 2006, the School Physical Education Questionnaire and School Food Service Questionnaire, were used to describe the physical education and nutrition services policies and programs at schools participating in the GYFA.
Overall, 93 of the 108 sampled schools participated in the GYFA for a school participation rate of 86.1%. Among the 97 selected public schools, 87 of them participated (89.7%); 6 of the 11 selected private schools participated (54.5%). Due to missing observations for our variables of interest, no private schools were included in our analysis. Among schools participating in the student data collection, the School Physical Education questionnaire was completed by 87 schools (93.5%). 33 This study used variables from the School PE questionnaire to analyze the effect that the school environment had on physical health outcomes. All regressions were run using Ordinary Least Squares (OLS) methods. Standard errors in all regressions are clustered by school ID to account for the aggregate nature of the school-level variables.
The 6 health outcomes of interest in this study were: the Progressive Aerobic Cardiovascular Endurance Run (PACER), the Modified Pull-Up (MPU), the Curl-Up (CU), the Back-Saver Sit and Reach (SR), the Trunk Lift (TL), and the body mass index (BMI). These health outcomes were measured and thus more objective than self-reported outcomes which may be subject to more bias. The first 5 outcomes were based on FitnessGram testing.
The PACER test estimates aerobic capacity from the number of 15-m lengths that a student can run back and forth across a straight course. The MPU test requires students to successfully complete as many modified pull-ups (done lying down rather than standing up) as possible. The CU test requires students to complete as many curl-ups as possible (up to 75) at a specified pace.
The SR test measures the flexibility of the hamstring muscles by requiring students to reach forward to a specified distance (to a maximum of 12 inches). The TL test requires students to slowly lift their upper bodies off the floor while lying face down on a mat (to a maximum of 12 inches). BMI is measured as weight in kilograms divided by height in squared meters.
The PACER, MPU, and CU results, of which are in Table 3 , involve more cardiovascular activity. The metabolic equivalent (MET) values, used in measuring activity intensity, are greater than 6.0 for running and calisthenics (push-ups, pull-ups) and considered "vigorous" activity that is more cardiovascular in nature, while back exercises and stretching have approximate MET values of 3.5 and 2.5, respectively, considered to be "light" intensity activities. 33, 34 The more cardiovascular outcomes were therefore expected to be more heavily influenced by the school-level variables than the latter 3 (results of which are in Table 4 ). This is due to the lack of information on historical school practices; moreover, changes in flexibility may occur more slowly over time than changes in cardiovascular fitness.
Results
With the exception of the SR exercise, males, those in the white or other racial category, and those living in urban areas appeared healthier on average (Table 2) . Means revealed that differences existed in health outcomes across the various PE variables (Table 2 ). However, without controlling for confounding factors that may also affect health outcomes, such as demographic characteristics and county of residence, a conclusion could not be drawn through interpreting raw means. Multivariate regressions were thus run.
Outcomes: PACER, MPU, CU
The first model (Table 3 , column 1) explained 10.93% of the variation in PACER. Adding the 8 school-level variables raised the R 2 to 29.73%, pointing to the importance of these variables in predicting cardiovascular fitness. Further adding county fixed effects to account for unobserved differences across counties (Table 3, column 2) yielded a value for R 2 of 32.69%. For MPU and CU, the value for R 2 increased from 11.10% to 16.05% and from 11.69% to 28.10%, respectively, with the addition of school-level variables.
Requiring PE in the student's grade was significantly associated with a 10.7 point increase in aerobic capacity (Table 3 , column 2), an increase of 8.2 pull-ups (Table  3 , column 4), and an increase of 14.8 curl-ups (Table  3 , column 6). These increases represent approximate increases of 59%, 79%, and 38% from mean values of 18.2 PACER units, 10.4 pull-ups, and 39.2 curl-ups, respectively.
Meeting time requirements also had a favorable impact on cardiovascular outcomes, as measured by PACER, MPU, and CU (Table 3) . Using PE as punishment for bad behavior in PE classes was associated with worse cardiovascular fitness, as measured by the 3 outcomes. Yet exempting students from PE for reasons other than health or religion was also associated with worse outcomes (suggesting that being too lenient would not work better than being too strict would). Practices pertaining to access to a gym or field, providing students with free intramural opportunities, and requiring teacher certification were associated with better cardiovascular outcomes (Table 3 ). This confirms previous findings pointing to the importance of certifying PE teachers and requiring PE in generating physical activity.
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Outcomes: SR, TL Significant associations between school-level variables and outcomes relating to SR and TL were also found ( Table 4 , Columns 1 to 4). The model with only demographic characteristics explained only 5.74% and 4.55% of the variation in PACER and TL, respectively. Adding the 8 school-level variables raised the R 2 to 17.03% and 15.76%, respectively. These outcomes were not as intense, however, and other factors not controlled for may have affected them. While the expected signs were found for SR, the opposite effects for the most part were found for TL. This may not be surprising given the possible order of the activities. For example, if the TL test was done after the SR test (measuring movement in the opposite direction), this may have affected test results. If this was the case, implications in terms of the sequence of tests possibly having an effect on the outcome measures may arise.
Results after adding BMI on the RHS (available upon request), due to the potential concern that individuals with higher BMIs may be stronger and thus better able to perform certain exercises, did not alter the general conclusions of this study. The results are robust to controlling for BMI in all FitnessGram models.
Outcome: BMI
The last 2 models for BMI (Table 4 , columns 5 to 6) did not explain a substantial amount of the outcome variable; in particular, the model without the school variables explained 3.46% of the variation in BMI, and this value went up to only 4.53% when school variables were added (and 6.54% when county indicators were also included). Requiring PE was associated with a significantly lower BMI of approximately 3 kg/m 2 , confirming some previous findings 24 but not others. 27 While most of the school variables carried the expected signs (Table 4 , column 6), the variables collectively did not explain much of the variation in BMI (6.54% when county fixed effects were included). This was expected as BMI has a large genetic component which could not be controlled for in this study. Moreover, BMI changes more slowly over time than measures of cardiovascular fitness, and BMI testing may be misleading in measuring the effectiveness of physical education practices. 35 BMI may also have compensatory effects-in that any increase in physical activity in school may be compensated by decreases after school-or be habit forming, in that increases in physical activity in school may lead to increases after school. It is therefore difficult to isolate the effects that the school practices per se have on general physical activity. That being said, most of the coefficients on the school-level variables carried the expected signs, with PE and certification requirements significantly associated with lower levels of BMI.Discussion Taken collectively, the school-level PE variables strongly predicted the outcomes of interest in Table 3 , indicating that these factors may be key in improving cardiovascular fitness in children and adolescents. School-level variables pertaining to the following were all significantly associated with improved cardiovascular fitness: requiring PE, specifying time requirements for PE, not using PE as punishment, not exempting students from PE for reasons other than health or religion, providing student access to a gym or field, having free intramural opportunities for students, and requiring teacher certification. Schools that adopt these policies will likely encourage favorable health habits surrounding physical activity that may carry over into adulthood. Results for BMI were not as robust. Controls for county of residence prevented unobserved differences across counties to confound the relationships being measured.
There were several limitations to this study. Historical information on school-level practices was not available in the GYFA, which may have influenced the relationship between current practices and current outcomes, particularly those surrounding flexibility and BMI. The GYFA data set does not contain information on how the school substitutes for time not spent in physical education; are schools that adopt less intense physical education programs increasing time in the classroom, increasing lunch time, or doing something else? If more time in physical education takes away from educational activities, the potential effect on academic outcomes needs to be taken into account when effecting policy change. Moreover, genetic factors and thorough information on parents, including family income, was not available for this study, and thus adequately controlling for household SES was not possible. Another limitation is the reduced number of observations due to missing observations on variables pertaining to physical education practices. Since only schools in Georgia were examined, the results obtained may not be generalizable. Research in this area is urgent; a statewide survey of middle school students in 2003 using self-reported height and weight found that 14% were obese. 36 Future studies should examine the causal relationships among physical education practices, physical activity, and health outcomes.
